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The treatment of non-fully substituted 4,4-difluoro-4-bora-3a,4a-diaza-s-indacene (BODIPY) with cupric nitrate leads to the introduction of a nitro group at different positions of the BODIPY core, depending on the substitution pattern. This methodology complements the treatment of fully substituted BODIPY with cupric nitrate that was previously reported. The crystal structures of 4,4-difluoro-1,3,5,7,8-pentamethyl-2-nitro-4-bora-3a,4a-diaza-s-indacene, C 14 H 16 -BF 2 N 3 O 2 (5a) 4,4-difluoro-3-nitro-8-phenyl-4-bora-3a,4a-diaza-s-indacene, C 15 H 10 BF 2 N 3 O 2 (5b) and 3-chloro-6-ethyl-5,7,8-trimethyl-2-nitro-4,4-diphenyl-4-bora-3a,4a-diaza-s-indacene, C 26 H 25 BClN 3 O 2 (5d) are presented. In all three structures, the fused ring system is in a very flattened 'V-shape', with dihedral angles between the two outer five membered rings of 8.12 (14), 6.67 (9) and 12.30 (18) Å for 5a, 5b and 5d, respectively. In each case, the central sixmembered ring is in a flattened sofa conformation. In the crystal of 5a, molecules are linked by weak C-HÁ Á ÁO and C-HÁ Á ÁF hydrogen bonds forming sheets parallel to (101). In the crystal of 5b molecules are linked by weak C-HÁ Á ÁO and C-HÁ Á ÁF hydrogen bonds and -interactions forming sheets parallel to (001). In the crystal of 5d, weak C-HÁ Á ÁO hydrogen bonds link molecules into chains along [001] . In compound 5d, the atoms of the nitro group were refined as disordered over two sets of sites with occupancies 0.618 (12) and 0.382 (12).
Chemical context
In recent years, 4,4-difluoro-4-bora-3a,4a-diaza-s-indacene (BODIPY) has been recognized as an attractive fluorophore due to its unique photochemical properties (Ulrich et al., 2008; Loudet & Burgess, 2007; Ziessel et al., 2007) . Applications of BODIPY in labeling biomolecules such as peptides and proteins, nucleic acids, and lipids, as well as in material sciences have been explored quite extensively (Ulrich et al., 2008; Loudet & Burgess, 2007; Ziessel et al., 2007; Tram et al., 2011; Lu et al., 2014; Bessette & Hanan, 2014) . In order to broaden its utilities, the discovery of reactions to introduce functional group into BODIPY has attracted significant interest. Among these, installation of nitro groups into BODIPY core represents a useful approach to functionalize BODIPY (Ulrich et al., 2012; Esnal et al., 2013; Gupta et al., 2013) . In this respect, while BODIPY fluorophores with nitro groups are poorly fluorescent, their fluorescence is usually restored upon reduction of nitro to amine Yang et al., 2017) . We previously reported the treatment of fully substituted BODIPY, 4, 3, 5, 7, ,4a-diaza-s-indacene 1 with cupric nitrate under various conditions , leading to the introduction of nitro-, nitromethyl-, hydroxymethyl-and carboxyaldehyde into BODIPY (see Scheme below).
Reactions between non-fully substituted BODIPY and cupric nitrate
We report herein that treatment of BODIPY, where at least one of the R 1 -R 7 is H, with cupric nitrate leads to the nitration of the BODIPY core (see Scheme below).
Thus, treatment of 4,4-difluoro-1,3,5,7,8-pentamethyl-4-bora-3a,4a-diaza-s-indacene 4a with cupric nitrate led to the formation of 4,4-difluoro-1,3,5,7,8-pentamethyl-2-nitro-4-bora-3a,4a-diaza-s-indacene 5a as the main product. Similar pattern of nitration was seen in the case of 4c-d. Reaction of 4,4-difluoro-8-phenyl-4-bora-3a,4a-diaza-s-indacene 4b with cupric nitrate, however, led to the isolation of 4,4-difluoro-8-phenyl-3-nitro-4-bora-3a,4a-diaza-s-indacene 5b as the main product.
Structural commentary
The molecular structures of 5a, 5b and 5d are shown in Figs. 1, 2 and 3, respectively. In all three structures the fused ring system is in a very flattened 'V-shape' with the two outer five- The molecular structure of 5d with displacement ellipsoids drawn at the 30% probability level. Neither the H atoms not the minor component of disorder are shown.
Figure 2
The molecular structure of 5b with displacement ellipsoids drawn at the 30% probability level. H atoms are not shown.
Figure 1
The molecular structure of 5a with displacement ellipsoids drawn at the 30% probability level. H atoms are not shown. membered rings (N1/C6-C9 and N2/C1-C4) forming dihedral angles of 8.12 (14), 6.67 (9) and 12.30 (18) Å for 5a, 5b and 5d, respectively. The central six-membered ring in each compound forms a flattened sofa conformation with five of the ring atoms (N1/N2/C4/C5/C6), forming an approximate plane with atom B1 displaced from this plane by 0.183 (2), 0.115 (2) and 0.341 (1) Å in 5a, 5b and 5d, respectively. In compound 5d the nitro group is disordered over two sets of sites with refined occupancies of 0.618 (12) and 0.382 (12). In 5a the mean plane of the nitro group N3/O1/O2 forms a dihedral angle of 23.9 (2) with the plane of the N2/C1-C4 ring. The corresponding dihedral angles in 5b and 5d are 8.47 (17) and 39.8 (8) [with a value of 18.2 (14) for the minor component of disorder]. In 5d the dihedral angle between the two phenyl rings (C15-C20 and C21-C26) is 53.72 (7) . In 5b the phenyl ring (C10-C15) forms a dihedral angle of 53.94 (7) with the five essentially planar atoms (N1/N2/C4/C4/C6) of the central six-membered ring. The orientation of the phenyl rings in 5b and 5d presumably alleviates any steric interaction between H atoms of the fused ring system and the phenyl ring(s).
Supramolecular features
In the crystal of 5a, weak C-HÁ Á ÁO and C-HÁ Á ÁF hydrogen bonds link the molecules forming 'double' sheets (Table 1 , Fig. 4 ) parallel to (101) and within these sheets there arestacking interactions with a centroid-centroid distance of Cg1Á Á ÁCg1(Àx + 1, Ày + 1, Àz + 1) = 3.870 (1) Å , where Cg1 is the centroid of all atoms in the fused ring system (B1/N1/N2/ C1-C9). In the crystal of 5b, weak bifurcated C-HÁ Á Á(O,F) and C-HÁ Á ÁF hydrogen bonds link the molecules forming chains (Table 2 , Fig. 5 ) along [100] . In addition -interactions with a centroid-centroid distance of Cg2Á Á ÁCg2(Àx + 1, Ày + 2, Àz + 1) = 3.435 (1) Å connect the chains into sheets parallel to (001), where Cg2 is the centroid of the ring atoms N2/C1-C4. In the crystal of 5d, weak C-HÁ Á ÁO hydrogen bonds link molecules forming zigzag chains along [001] (Table 3, Fig. 6 ). There are no significant -interactions in compound 5d. Part of the crystal structure of 5a with weak C-HÁ Á ÁO and C-HÁ Á ÁF hydrogen bonds shown as dashed lines. Only H atoms involved in hydrogen bonds are shown.
Figure 5
Part of the crystal structure of 5b with weak C-HÁ Á ÁO and C-HÁ Á ÁF hydrogen bonds shown as dashed lines. Only H atoms involved in hydrogen bonds are shown.
Figure 6
Part of the crystal structure of 5d with weak C-HÁ Á ÁO hydrogen bonds shown as dashed lines. Only H atoms involved in hydrogen bonds are shown. Both components of disorder are shown.
Database survey
A survey of the Cambridge Structural Database (V5.38, last update May 2017; Groom et al., 2016) revealed that the crystal structure of 4,4-difluoro-1,3,5,7,8-pentamethyl-4-bora-3a,4a-diaza-s-indacene has been determined at three different temperatures viz. JEHFUX at 295 K (Picou et al., 1990) JEHFUX01 at 200 K (Choi et al. 2014 ) and JEHFUX02 at 100 K (Wang et al., 2014) . This structure corresponds to compound 5a without the nitro substituent and in all three equivalent literature structures, the atoms of the fused-ring system lie on a crystallographic mirror plane and hence the fused-ring system is exactly planar. In the compound corresponding to 5b without the nitro substituent, viz. 4,4-difluoro-8-phenyl-4-bora-3a,4a-diaza-s-indacene (VAWDED, Kee et al., 2005) , the molecule is bisected by a crystallographic twofold rotation axis through the central B and C atoms of the sixmembered ring and the six-membered ring is essentially planar. To date, compound 5d is the only crystal structure with a 4-bora-3a,4a-diaza-s-indacene core which is substituted by two phenyl rings at boron and a Cl atom in the 3-position.
5. Synthesis and crystallization 1 H, 13 C, 11 B, and 19 F NMR spectra were recorded at 400.2, 100.6, 128.4, and 376.6 MHz, respectively, with a Bruker AV400 spectrometer; J values are given in Hz. Chemical shifts are given in ppm. High-resolution mass spectra were measured with a ThermoFisher high resolution Double Focusing magnetic sector mass spectrometer.
Chemicals were purchased from Aldrich or TCI America and used without further purification unless stated otherwise. Triethylamine was dried by heating under reflux in the presence of calcium hydride and distilled in an atmosphere of nitrogen. Silica gel (SiliCycle, >230 mesh) was used for flash chromatography. Thin layer chromatography was performed on SiliCycle SiliaPlate F-254 TLC plates, with the following system: ethylacetate-hexane (3:7 v/v).
Synthesis of BODIPY starting materials
To a solution of 2-acetyl-5-chloropyrrole (Leen et al., 2011 ) (325 mg, 2.27 mmol) in dichloromethane (10 mL) under nitrogen was added 3-ethyl-2,4-dimethylpyrrole (310 mL, 2.30 mmol) and the resulting solution was cooled (ice-water bath), followed by the addition of POCl 3 (220 mL, 2.36 mmol). After the reaction mixture was stirred at room temperature for 6 h, triethylamine (3.2 mL, 23 mmol) was added and the mixture was stirred for 10 min. Upon cooling (ice-water bath), boron trifluoride diethyl etherate (3.1 mL, 25 mmol) was added dropwise and the reaction mixture was stirred at room temperature for 1 h. The orange solution was diluted with diethyl ether (200 mL) and extracted with water (3 Â 100 mL). The organic layer was dried (MgSO 4 ) and concentrated under reduced pressure. The residue was then purified by column chromatography on silica gel. The appropriate fractions, which were eluted with dichloromethane-hexane (70:30 v/v), were combined and evaporated under reduced pressure to give the title compound as an orange solid (500 mg, 74%). R f : 0.52. H (CDCl 3 ): 1.08 (3 H, t, J = 7.5), 2.35 (3 H, s), 2.44 (2 H, q, J = 7.5), 2.52 (3 H, s), 2.60 (3 H, s), 6.28 (1 H, d, J = 3.9), 6.98 (1 H, s, J = 3.9); C (CDCl 3 ): 13. 1, 14.0, 14.5, 15.8, 17.1, 114.5, 122.8, 132.5, 133.1, 134.0, 135.7, 138.6, 140.7, 161 7, To a solution of 2-acetyl-5-chloropyrrole (400 mg, 2.80 mmol) in dichloromethane (8 mL) under an atmosphere of nitrogen was added 2,4-dimethylpyrrole (380 mL, 3.69 mmol) and the resulting solution was cooled (ice-water bath), followed by addition of POCl 3 (260 mL, 2.80 mmol). After the solution was stirred at room temperature for 6 h, triethylamine (1.0 mL, 7.2 mmol) was added and the mixture was stirred for 10 min. Diphenyl boronbromide (Nö th & Vahrenkamp, 1968) (1.35 g, 5.53 mmol) was then added dropwise while the reaction mixture was cooled (ice-water bath). After the reaction mixture had been stirred at room temperature for 1 h, the orange products were poured into diethyl ether (200 mL) and extracted with water (3 Â 100 mL). The organic layer was dried (MgSO 4 ) and concentrated under reduced pressure. The product was purified by flash column chromatography on silica gel. The appropriate fractions, which were eluted with dichloromethane-hexane (30:70 v/v), were combined and evaporated under reduced pressure to give the Table 1 Hydrogen-bond geometry (Å , ) for (5a). 
Table 2 Hydrogen-bond geometry (Å , ) for (5b). Symmetry codes: (i) Àx þ 2; Ày þ 1; Àz þ 1; (ii) x À 1; y; z. Table 3 Hydrogen-bond geometry (Å , ) for (5d). title compound as an orange solid (780 mg, 68%). R f : 0.66. H (CDCl 3 ): 1.02 (3 H, t, J = 7.5), 1.78 (3 H, s), 3.92 (2 H, q, J = 7.5), 2.44 (3 H, s) 2.64 (3 H, s), 6.22 (1 H, d, J = 4.2), 7.05 (1 H, s, J = 4.2), 7.18-7.39 (10 H, m). C (CDCl 3 ): 14.4, 14.7, 15.2, 16.5, 17.4, 114.9, 121.1, 125.8, 127.1, 133.0, 133.9, 135.5, 136.3, 137.4, 138.8, 159 
General procedure for the treatment of 4a-e with cupric nitrate
To a solution of BODIPY (100 mg) in anhydrous CH 2 Cl 2 (20 mL), a solution of Cu(NO 3 ) 2 Á3H 2 O (5 mol. equiv.) in anhydrous MeCN (10 mL) was added. The reaction mixture was stirred at room temperature and the reaction progress was monitored by TLC. Upon complete consumption of starting materials, the products were evaporated under reduced pressure. The residue was redissolved in CH 2 Cl 2 (20 mL) and extracted with water (320 mL). The organic layer was collected, dried (MgSO 4 ), and evaporated under reduced pressure. The residue was purified by column chromatography on silica gel. The appropriate fractions, eluted with CH 2 Cl 2 -hexane, were combined and evaporated under reduced pressure to give the nitro BODIPY.
Synthesis of 5a-d
4,4-Difluoro-1,3,5,7,8-pentamethyl-2-nitro-4-bora-3a,4a-diaza-s-indacene 5a
Treatment of 4,4-difluoro-1,3,5,7,8-pentaamethyl-4-bora3a,4a-diaza-s-indacene 4a (Bandichhor et al., 2006) with cupric nitrate under the conditions described in the general procedure for 10 min led to the isolation of 4,4-difluoro-1,3,5,7,8-pentamethyl-2-nitro-4-bora-2-nitro-3a,4a-diaza-s-indacene 5a as the main product (35% yield). R f : 0.30. H (CDCl 3 ): 2.51 (3 H, s), 2.62 (3 H, s), 2.72 and 2.73 (6 H, two s), 2.83 (3 H, s), 6.32 (1 H, s). C (CDCl 3 ): 14.1, 14.4, 15.1, 17.7, 18.0, 125.2, 128.2, 132.0, 135.9, 138.9, 143.7, 146.8, 147.7, 162.5 . F (CDCl 3 ): À144.5 (q, J = 31.6). B (CDCl 3 ): 0.38 (t, J = 31.6). C 14 H 16 BF 2 N 3 O 2 requires 307.13036, found (EI): 307.1298. Orange needles of 5a were recrystallized from mixed solvents of hexanes/chloroform.
4,4-Difluoro-8-phenyl-3-nitro-4-bora-3a,4a-diaza-s-indacene 5b
Treatment of 4,4-difluoro-8-phenyl-4-bora-3a,4a-diaza-sindacene 4b (Rao et al., 2011) with cupric nitrate under the conditions described in the general procedure for 60 min led to the isolation of 4,4-difluoro-2-nitro-8-phenyl-4-bora-2-nitro-3a,4a-diaza-s-indacene 5a as the main product (25%). 114. 9, 123.8, 126.6, 128.9, 130.6, 131.7, 132.6, 134.3, 136.2, 137.9, 149.1, 150.7, 153.6 Treatment of 3-chloro-4,4-difluoro-6-ethyl-5,7,8-trimethyl-4-bora-3a,4a-diaza-s-indacene 4c with cupric nitrate under the conditions described in the general procedure for 1 d led to the isolation of 5c as the main product (60%). R f : 0.24. H (CDCl 3 ): 1.13 (3 H, t, J = 7.6), 2.42 (3 H, s), 2.49 (2 H, q, J = 7.6), 2.59 (3 H, s), 2.68 (3 H, s), 7.50 (1 H, s). C (CDCl 3 ): 13. 8, 14.1, 14.4, 15.5, 17.1, 115.2, 129.4, 130.2, 137.3, 137.5, 139.11, 139.13, 143.3, 168.7 3-Chloro-4,4-diphenyl-6-ethyl-5,7,8-trimethyl-2-nitro-4-bora-3a,4a-diaza-s-indacene 5d
Treatment of 3-chloro-4,4-diphenyl-6-ethyl-5,7,8-trimethyl-4-bora-3a,4a-diaza-s-indacene 4d with cupric nitrate under the conditions described in the general procedure for 4 h led to the isolation of 5d as the main product (30%). R f : 0.46. H (CDCl 3 ): 1.03 (3 H, t, J = 7.6), 1.87 (3 H, s), 2.41 (2 H, q, J = 7.6), 2.48 (3 H, s), 2.70 (3 H, s), 7.23-7.28 (6 H, m), 7.36-7.39 (4 H, m), 7.61 (1 H, s). C (CDCl 3 ): 14. 2, 14.7, 15.8, 16.1, 17.4, 114.5, 126.5, 127.5, 129.5, 130.6, 133.7, 135.1, 137.6, 137.8, 139.3, 140.2, 166.7 
Refinement
Crystal data, data collection and structure refinement details are summarized in Table 4 . In all three compounds, the H atoms were placed in calculated positions and included in the refinement in a riding-model approximation with U iso (H) = 1.2U eq (C) or 1.5U eq (C methyl ). In compound 5d the atoms of the nitro group were refined as disordered over two sets of sites with occupancies 0.618 (12) and 0.382 (12) .
In the refinement, restraints were applied to the bond distances of the nitro group so that those in the minor component of disorder were similar to those in the major component. The refinement of the minor component of disorder was also restrained to be approximately planar. These restraints were achieved using the SADI and FLAT commands in SHELXL (Sheldrick, 2015b) . 4-difluoro-1,3,5,7,8-pentamethyl-2-nitro-4-bora-3a,4a-diaza-sindacene, 4,4-difluoro-3-nitro-8-phenyl-4-bora-3a,4a-diaza-s-indacene, and 3-chloro-6-ethyl-5,7,8-trimethyl-2-nitro-4,4-diphenyl-4-bora-3a,4a- Special details Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. 
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Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (
B1-N2-C1-C10 −4.1 (3) B1-N1-C6-C5 6.0 (3) N2-C1-C2-C3 1.0 (2) C9-N1-C6-C7 −1.5 (2) C10-C1-C2-C3 −174.9 (2) B1-N1-C6-C7 −174.36 (18) N2-C1-C2-N3 −176.23 (19) C5-C6-C7-C8 −179.9 (2) C10-C1-C2-N3 7.9 (4) N1-C6-C7-C8 0.5 (2) O1-N3-C2-C1 22.4 (3) C5-C6-C7-C13 2.5 (4) O2-N3-C2-C1 −158.0 (2) N1-C6-C7-C13 −177.1 (2) O1-N3-C2-C3 −154.4 (2) C6-C7-C8-C9 0.6 (2) O2-N3-C2-C3 25.1 (3) C13-C7-C8-C9 178.35 (19) C1-C2-C3-C4 −0.7 (2) C6-N1-C9-C8 1.9 (2) N3-C2-C3-C4 176.5 (2) B1-N1-C9-C8 174.73 (19) C1-C2-C3-C11 −175.5 (2) C6-N1-C9-C14 −175.81 (19) N3-C2-C3-C11 1.7 (3) B1-N1-C9-C14 −3.0 (3) C1-N2-C4-C3 0.5 (2) C7-C8-C9-N1 −1.6 (2) B1-N2-C4-C3 179.93 (18) C7-C8-C9-C14 176.0 (2) C1-N2-C4-C5 179.00 (18) C9-N1-B1-F1 −64.5 (3) B1-N2-C4-C5 −1.6 (3) C6-N1-B1-F1 107.2 (2) C2-C3-C4-N2 0.1 (2) C9-N1-B1-F2 56.3 (3) C11-C3-C4-N2 174.6 (2) C6-N1-B1-F2 −132.0 (2) C2-C3-C4-C5 −178.2 (2) C9-N1-B1-N2 175.34 (18) C11-C3-C4-C5 −3.6 (4) C6-N1-B1-N2 −13.0 (3) N2-C4-C5-C6 −7.6 (3) C1-N2-B1-F1 70.1 (3) C3-C4-C5-C6 170.4 (2) C4-N2-B1-F1 −109.2 (2) N2-C4-C5-
4,4-Difluoro-3-nitro-8-phenyl-4-bora-3a,4a-diaza-s-indacene (5b)
Crystal data Special details Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. Special details Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. 
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